I suggest that the conventional assignment of quantum numbers to the observed charm and bottom baryons is not correct, as these assignments imply large violation of the heavy spin-flavor and light SU(3) symmetries. I propose an alternative interpretation of the observed states, in which the symmetries are preserved. If these novel assignments are right, there is a new state with mass approximately 2380 MeV which decays to Λ c + γ, and another with mass approximately 5760 MeV which decays to Λ b + γ. Although such states have not been seen, neither are they excluded by current analyses.
The past few years have seen the discovery of many new hadrons containing a single charm or bottom quark. Such states fall into representations of heavy quark spin-flavor SU(4) and light flavor SU(3) symmetries, up to heavy quark corrections of order Λ QCD /2m Q and SU(3) corrections of order m q /Λ χ . Enough have now been discovered to make possible detailed tests of the relations implied by the symmetries. In the heavy meson sector, these predictions are known to work well for the ground states and the lowest P -wave excitations [1] . Not only the spectroscopy, but the widths and even the decay angular distributions are consistent with a simultaneous heavy quark and chiral SU(3) expansion. Hence one is tempted to hope that the symmetry predictions for heavy baryons are also well satisfied.
However, in contrast to the mesons, for the baryons there are certain symmetry relations which appear to be badly violated, although others appear to work well.
While it is possible that the symmetry breaking corrections are just larger than expected, such an explanation would offer no insight into why some relations behave better than others.
In this letter, I will propose that the problem is instead that the conventional assignment of quantum numbers to the observed charm and bottom baryons is not correct. I will show how one can satisfy all the symmetry relations at the expected level by assigning new quantum numbers to the known resonances. An exciting consequence is the existence of additional light excitations which only decay radiatively. Such states are not presently ruled out, and this prediction presents a well defined and conclusive test of the proposal.
I begin with a review of baryon spectroscopy in the heavy quark limit, m c , m b → ∞. In this limit, heavy quark pair production and chromomagnetic interactions are suppressed, so the angular momentum and flavor quantum numbers of the light degrees of freedom become good quantum numbers. I will refer to these light degrees of freedom as a "diquark"; in doing so, I assume nothing about their properties other than that they carry certain spin and flavor quantum numbers. For simplicity, I will also restrict myself for the moment to heavy charm baryons, since the enumeration of states for bottom baryons is precisely analogous.
In the quark model, the lightest diquark has isospin I = 0, total spin s ℓ = 0 and orbital angular momentum L ℓ = 0. With diquark spin-parity J ) and Σ * c2 (
). There are also excited Ξ c and Ω c baryons. The spectroscopy of the charm baryons is summarized in Table I , along with the allowed decays of the states. Two channels are listed where there is the possibility that either is kinematically dominant.
The masses of these states satisfy a number of heavy quark and SU(3) symmetry relations. There are three independent constraints which relate the bottom and charm systems,
where in (1a) and (1c) I have inserted the isospin averaged heavy meson masses [2] . Here the states stand for their masses, and a bar over a state denotes the spin average over the heavy multiplet of which it is a part. The hyperfine relation (1c) is more commonly written in terms of the ratio m c /m b , to which each side is equal, but I prefer a form in which the quark masses are not introduced explicitly. The corrections to (1a) and (1b) are expected to
Charm baryon states in the heavy quark limit. Here s ℓ , L ℓ and J P ℓ refer respectively to the spin, orbital angular momentum, and total spin-parity of the light diquark, while I is isospin and S strangeness. The given decay channel is the one which is expected to be dominant, if kinematically allowed. The enumeration of the bottom baryon states is analogous.
of 25%.
The light flavor SU(3) relations are trivial in the exact symmetry limit, where, for
In this form, they are also badly violated. If one includes the corrections linear in m s , one finds four independent "equal spacing rules" for states within the charm (or bottom) system [3] ,
Here I neglect isospin violation and electromagnetic effects. The chiral corrections to the relations (2a)-(2c) are expected to be small [3] . The relation (2d) is not on the same footing as the others, since it relates states in two different SU (3) So far, a dozen charm and bottom baryon states have been discovered. I list them, along with their masses and observed decays, in Table II . However, the names conventionally given to the strongly decaying states imply certain assumptions about their quantum numbers and properties. Since it is precisely these assumptions which I want to challenge, I instead identify the observed resonances by the modified names listed in the first column of Table II. For simplicity, I have averaged over isospin multiplets, since isospin breaking is small and not at issue here.
The conventional identities of the observed heavy baryons are given in the fourth column of What are we to make of this situation, in which one heavy quark and one SU(3) relation fail so badly? Given that there is no reason to doubt the quoted experimental errors, perhaps we must simply accept that there are large corrections, that somehow these important symmetries are inapplicable to heavy baryons. However, with their striking success in the heavy meson sector, especially for spectroscopy, it is tempting to look for a new point of view from which the symmetry predictions are better behaved.
In this light, I propose to reinterpret the experimental data under the constraint that the heavy quark and SU(3) symmetries be imposed explicitly. Then if we identify, once again, the observed Ξ c1 with the Ξ while the Σ b1 is identified as the Σ * b . As for the observed Σ c2 and Σ b2 , they are possibly I = 1, L ℓ = 1 excitations, such as the Σ * c(0,1,2) . While one might naively estimate that the masses of these states should be larger than those of the Λ * c ( As appealing a scenario as this is, certain problems do remain. First, while the radiatively decaying states Σ c and Σ b have not been ruled out, neither have they yet been identified.
In the end, their discovery or the absence thereof will be the defining test of this proposal. Second, the excited baryon Λ * c1 is seen to decay via the two step process Λ * c1 → Σ c1 + π → Λ c + 2π, while the two pion decay of the Λ * c2 is nonresonant [6] . If the observed states Λ * c1
and Λ * c2 are identified with the heavy doublet Λ * c (
) and Λ * c (
), then the first stage in the decay of the Λ * c1 is dominated by S-wave pion emission [11] . If so, the spin of the Λ * c1 is the same as that of the Σ c2 , namely J = 3 2
. Hence the excited I = 0 doublet must be inverted,
). Perhaps this situation is somewhat unnatural, perhaps not.
However, the least satisfactory feature of this scenario is the identification of the Σ b2 as the Σ * 
